Introduction
Braided rivers are highly dynamic systems characterized by multiple frequently 2 joining and bifurcating channels that form confluences and bifurcations. In these rivers, 3 channel confluences and bifurcations are key morphological features whose dynamics 4 and mutual interactions control many aspects of channel morphology and processes in 5 braided networks. Exploring the mechanisms underlying confluence evolution is 6 fundamental to better understand morphodynamic processes in braided rivers (Surian, 7 2015). Confluences as the junctions of two river branches have been widely studied in large braided rivers have rarely been investigated, mainly due to the lack of adequate 12 methodologies to investigate large rivers with frequent channel migrations. The 13 evolution and morphology of confluences in large braided rivers share some common 14 features with junctions of two branches in a non-braided river. However, they might 15 also be affected by the evolution of the overall braided pattern, especially by 16 morphologic changes in their immediate upstream neighbourhood, thereby exhibiting 17 unique morphodynamic processes and characteristics. 18 Channel confluences are important sites where adjustments in flow structure, 19 sediment transport and channel morphology occur to accommodate convergence of 20 water and sediment from different branches (Ferguson et al., 1992; Rhoads et al., 2009 ). 21 Common morphologic features often include a scour hole typically oriented along the 22 Earth Surf. Dynam. Discuss., https://doi.org/10.5194/esurf-2018-85 Manuscript under review for journal Earth Surf. Dynam. Discussion started: 18 December 2018 c Author(s) 2018. CC BY 4.0 License. direction of maximum velocity, avalanche faces at the mouth of each branch, sediment 1 deposition within the stagnation zone at the upstream junction corner, and bars formed 2 within the flow separation zone Kenworthy, 1995, 1998; Best and Rhoads, 3 2008). The main factors that control flow structure and channel morphology at 4 confluences include flow and sediment discharge ratios between the two confluent 5 channels, the confluence angle and its planform asymmetry, and the degree of bed 6 concordance between the confluent channels (e.g. Szupiany et al., 2009 ). Recent 7 findings indicate that bifurcation asymmetry is not solely controlled by flow discharge 8 but is rather the result of multiple factors, including varying flow discharge, changes in 9 bed morphology and cross-stream water surface slopes (Gualtieri et al., 2018) . Ludeña et al. (2016) found that the abundant sediment load of the dominant branch 11 plays a major role in controlling the dynamics of mountain river confluences. 12 The center of a confluence often features a scour hole with considerable erosion 13 depth. The scour zone may change from trough-shaped to more basin-like as the 14 confluence angle increases (Ashmore and Parker, 1983; Best, 1986) . The scour depth 15 of a confluence has been related to the confluence angle and the relative discharge of 16 the confluent channels (e.g., Best, 1988) , which typically ranges from two to four times 17 the incoming branch channel depths, suggesting some scale invariance in junction 18 morphology (Parsons et al., 2008) . The slopes of beds dipping into scour holes in large 19 braided rivers are often gentle, e.g., less than 5% in the Brahamaputra River (Best and 20 Ashworth, 1997). 21 Numerical models are useful tools to assist field research because they can provide The present paper applies that model (Yang et al., 2015 (Yang et al., , 2018 to simulate large 13 lowland sand-bed braided reaches. The main objectives of the study are to 14 quantitatively analyse changes in flow field, sediment concentration and bed elevation 15 at typical confluences, compare them with those observed in natural rivers, and 16 investigate evolution processes at confluences and the controlling factors. Results of 17 this study will expand the current knowledge on confluence dynamics in large sand-bed 18 braided rivers and provide the opportunity to analyse similarities and differences 19 between braided rivers and other river types. The sediment transport is described by a two-dimensional solute transport 
The riverbed deformation is given as One confluence and its upstream bifurcation, with the two converging branches 15 and their surrounding bar, form a pool-bar unit, the basic element of a braided river. 16 The confluence of a pool-bar unit is simultaneously the bifurcation of another pool-bar The pool in the dominant branch of a confluence often developed at the front of 9 the channel bend and featured a substantial scouring depth (e.g., pool 1 in Figure 1 ). 10 Conversely, the pool in the secondary branch tended to develop behind the channel 11 bend and was characterized by a relatively shallow scouring depth (e.g., pool 2 in Figure   12 1). However, sometimes in a thin pool-bar unit formed in the early stage, the scouring 13 pools of both branches developed at the front of the channel bend. One example is pool- 17 Confluences are normally located in areas with deepest flow due to the fact that 18 where two or more branches meet intense erosion occurs, thereby removing a large 19 amount of sediments. Figure 2 shows the cross-sectional maximum erosion depth 20 compared to river geometry in a fully evolved braided river, with A-G indicating the 21 location of typical confluences both in the river and along the corresponding erosion confluences. Confluence erosion tends to be more intense when the total confluence 5 channel width is narrower. largely determined by the flow of its upstream bifurcation. 7 The confluence scour axis tends to parallel the dominant branch, which has been and F (Figure 3a) , whose discharge ratios were 2.97 and 2.68, respectively ( 
Geometry and controlling factors

Morphodynamic Processes at a Typical Confluence
1 Confluence E was chosen to perform an in-depth analysis of morphodynamic 2 changes occurring at a typical confluence. 
Evolution process
4 Figure 4 shows the evolution process of confluence E and its two branches.
5
Confluence E experienced a period of expansion and then contraction from day 25 to 6 37, during which the dominant channel switched from the left to the right branch. close to the left bank (peak 2) continued to increase until it reached a value higher than 16 peak 1 by day 20. But during this period bed topography remained nearly unchanged. 17 As flow velocity increased in the left peak bank, shear stress reached its maximum 18 value across the channel and more sediments were eroded and removed from the scour hole is common due to sediment deposition at its head and erosion at its tail, with 1 maximum flow velocity occurring between the hole center and tail. 4. The discharge ratio between the two branches of a confluence controls its flow 3 direction, shape, depth and orientation, which is also influenced by the upstream flow. 4 As the discharge ratio decreases, the scour angle between the two branches enlarged 5 and the scour hole deepens. The confluence flow direction and scour axis usually tends 6 to be parallel to the dominant branch, and when the two branches become nearly 7 equivalent, the scour axis approximately bisects the scour angle. Tables   5   Table 1 Parameters of seven typical confluences in a fully evolved river (day 33) 
